Malignant tumor cell invasion is determinant for metastasis to occur. E2 and C5 colon carcinoma cells that were derived from the parental Lovo line and that differ experimentally in spontaneous metastatic ability have been monitored for gene expression by cDNA arrays. Among genes found differentially expressed, the CD63 tetraspanin, not previously recognized in colon cancer progression, and the ␣3 integrin chain were both up-regulated in low metastatic E2 cells and were analyzed for their functional role using adhesion, migration, and invasion assays. Cell surface expression of CD63 and ␣3 integrin was about 2-fold higher in E2 than in C5 cells and confocal microscopy showed that CD63 and ␣3 integrin colocalized evenly on C5 cells whereas they concentrated at elongated tips of the low-metastatic more substrate-adhesive E2 cells. Antibody-interference experiments identified laminin-5 (LN-5) as a ligand interacting with the ␣3␤1/CD63 complex. Substrate-immobilized anti-CD63 antibodies enhanced tumor cell migration and invasion and induced prominent cell surface protrusions that were repressed by the PI3-kinase LY294002 inhibitor. Our results suggest that changes in the expression of surface CD63 and ␣3␤1 integrin interacting with LN-5 could affect migratory signals and the progression of the metastatic disease. (Lab Invest 2002, 82:1715-1724.
R ecent technological advances have made it possible to identify profiles of genes that are differentially expressed between either normal and transformed cells or among tumor cells analyzed at various stages of malignant progression. In colorectal tumors, quantitative gene expression patterns have been obtained using the method of serial analysis of gene expression and identifying many transcripts that were either decreased or increased in carcinomas as compared with normal colon tissue (Zhang et al, 1997) . Monitoring gene expression by cDNA arrays may contribute to identifying either new classes of cancers or to assigning tumors to previously known classes (Sorlie et al, 2001; Su et al, 2001) .
To help in understanding pathways that mediate more specifically the ability of colorectal carcinoma cells to metastasize, we made use of cDNA clone inserts arrayed on high density nylon membrane filters to analyze two cell clones, E2 and C5, originally derived from the Lovo human colon adenocarcinoma line. When grafted to immunosuppressed newborn rats, E2 and C5 cells induce tumors that differ in basement membrane organization, grade of tumor cell differentiation, and potential to spontaneously metastasize to the lungs of recipient hosts (Remy et al, 1992) . The cDNA clones were from a normalized infant brain library and the arrays used in the present study consisted of PCR products from 2208 cDNA clone inserts subjected to clone and sequence-clustering analyses . Applying criteria to search for differential gene expression, 82 candidate genes were found differentially expressed between E2 and C5 colon carcinoma cells, 31 being up-regulated in the low-metastasizing E2 cells and 51 being up-regulated in the high-metastasizing C5 cells. By Northern blotting, expression profiles were verified for 10 genes, and 2 of those, the CD63 tetraspanin and the ␣3 integrin chain that were found up-regulated in the low-metastasizing E2 cells, have been selected for functional studies.
Previous evidence suggests that levels of CD63 might be relevant to regulating human melanoma cell motility (Radford et al, 1997) and to tumor cell growth and metastasis in vivo (Hotta et al, 1991; Radford et al, 1995) . The transmembrane tetraspanins can form complexes with various integrins including ␣3␤1 (recently reviewed in Berditchevski, 2001; , and assembly of these complexes could modulate the function of cell surface receptors in migration and tumor invasion (Hemler et al, 1996; Sugiura and Berditchevski, 1999) . In this study, we analyzed adhesion, cell shape changes, migration, and serum-stimulated invasion through Matrigel of E2 and C5 cells and we examined the involvement of CD63 tetraspanin and ␣3 integrin chain in these processes. Adhesion and migration of E2 and C5 cells required a functional ␣3␤1 integrin, and laminin-5 (LN-5), its recognized ligand, was identified as an extracellular matrix (ECM) component interacting with the CD63/␣3␤1 complex. Moreover, substrate-immobilized anti-CD63 antibodies induced prominent surface protrusive activity and enhanced cell migratory and invasive potential. These results indicate that the CD63/␣3 tetraspanin-integrin complex together with LN-5 can contribute in modulating the malignant phenotype of colon carcinoma cells.
Results

Identification of Genes Differentially Expressed Between E2 and C5 Cells
Using macroarrays containing 2208 cDNA clones to identify genes differentially expressed between E2 and C5 cells, candidate genes with at least a 1.5-fold up-regulation were selected. Applying these criteria, 82 genes were found to be differentially expressed, with 31 genes being up-regulated in E2 and 51 in C5. The complete listing of clones differentially expressed in the E2/C5 cell culture system is given in Tables 1 (genes up-regulated in E2) and 2 (genes up-regulated in C5) and can be found on a Web site at the address http://idefix.upr420.vjf.cnrs.fr/METASTASIS. A sequence similarity search revealed that 15 out of 31 clones found to be up-regulated in E2 corresponded to sequences related to human genes encoding proteins with a known function. These clones included the CD63 tetraspanin and the ␣3 integrin chain. Four clones were found homologous to genes with unknown function and 12 clones corresponded to novel genes (ESTs) that were either weakly or not homologous to sequences registered in the data bases. Thirteen out of 51 clones found to be up regulated in C5 corresponded to human genes with a known function. Twelve clones were identical to sequences of unknown function and 26 clones corresponded to novel genes with no homology to sequences in the databases.
Northern Blot Analysis
Ten genes with various levels of differential expression and including the CD63 tetraspanin and the ␣3 integrin chain were analyzed by Northern blotting (see Tables) . Results were in agreement with the cDNA array data except for one single clone (yf70d05) that gave no hybridization signal. As shown in Figure 1A , an upregulation in E2 cells was confirmed for the integrin alpha3 chain (scan ratio: 1.58) and CD63 (scan ratio: 1.51).
E2 and C5 Cells Express Differentially Surface CD63 Tetraspanin and ␣3 Integrin Chain Proteins
Quantitative analyses by flow cytometry were performed to determine cell surface expression of CD63 and ␣3 integrin chain in nonpermeabilized E2 and C5 cells. As shown in Figure 1 , log values of fluorescence intensities for both the ␣3 integrin chain and CD63 were approximately 2-fold higher in E2 cells (Fig. 1, B and D) compared with C5 cells (Fig. 1, C Figure 1 , B and C, were 4.7 and 4.07, respectively.
E2 Cells Adhere More Than C5 Cells to ECM Substrates
To quantify the adhesive properties of E2 and C5 cells on ECM components, we performed a rapid adhesion assay in which cells were allowed to interact with fibronectin (FN), rat tail collagen (RTC), laminin-1 (LN-1), and LN-5 coated on tissue-culture plates. As shown in Figure 2A , the low-metastatic E2 cells adhered significantly more than the high-metastatic C5 cells on the four substrates at indicated concentrations, whereas neither E2 nor C5 cells adhered to wells coated with BSA alone, used as a control.
We then determined whether cell surface ␣3 integrin and/or CD63 tetraspanin could be functionally involved in E2/C5 cell adhesion to ECM substrates. Cells were plated on FN, RTC, LN-1, or LN-5 in the presence of function blocking (P1B5 or CD49c) or nonblocking (M-KID2) anti-␣3 integrin or anti-␤1 integrin (CD29) antibodies. As shown in Figure 2B , the functional anti-␣3 integrin antibodies inhibited E2/C5 cell adhesion to LN-5 only, whereas P1B5 or CD49c did not affect cell adhesion to the other substrates tested (not shown).
In a rapid adhesion assay and in the presence of the anti-CD63 (AHN16.1) antibody, E2 and C5 cells adhered as efficiently as control cells plated without antibodies on FN, RTC, and LN-1 substrates (data not shown). In contrast, the anti-CD63 mAb significantly increased adhesion of both E2 and C5 cells when plated on LN-5 (Fig. 2B, right columns) .
Because LN-5 is a recognized ligand for ␣3␤1 integrin and because twice as much ␣3 integrin chain is expressed by E2 as compared with C5 cells, we examined the level of LN-5 expressed in vitro by the two clones. Results from immunoprecipitates and Western blotting showed that conditioned medium as well as matrix assembled extracellularly by E2 and C5 cells contained similar amounts of LN-5 (not shown).
These results suggest that both ␣3 integrin chain and CD63 tetraspanin can interact with E2 and C5 cell adhesion to LN-5.
CD63 Tetraspanin, ␣3 Integrin, and LN-5 Participate in Migration of E2 and C5 Cells
We tested E2 and C5 cells in a wound-closure assay that is considered to be an in vitro model for epithelial cell migration during wound repair and invasion. Linear scrape wounding of confluent E2 or C5 cells was performed and cultures were allowed to undergo healing in the presence of serum for 17 and 24 hours. To investigate a possible role of ␣3 integrin, LN-5, and CD63 tetraspanin on wound healing, we assessed the effect of antibodies P1B5 (anti-␣3 integrin chain), BM165 (anti-LN-5 ␣3 subunit), and AHN16.1 (anti-CD63 tetraspanin) as compared with wounds in E2 and C5 control cell populations incubated without antibodies. As quantitated by multiple measurements of the width of the wound space, as shown in Figure  3A for E2 cells, antibodies to the ␣3 LN-5 subunit and to the ␣3 integrin inhibited wound healing, with approximately 67 and 50%, respectively, of initial injured width at 24 hours (C5 cells gave similar results; not shown). In contrast, primary coating alone or adding the AHN16.1 anti-CD63 antibody to the medium of precoated and wounded cultures enhanced healing of the denuded E2 cell area at the wound edge up to 46 and 36% at 17 and 24 hours, respectively, reaching (Fig. 3B) . Adding the anti-LN-5 ␣3 subunit BM165 antibody inhibited the anti-CD63-induced healing-enhancing effect by about 65% (Fig.  3C ). This inhibition was even more pronounced in the presence of the anti-␣3 integrin P1B5 antibody (up to 80%; see Fig. 3D ). In both E2 and C5 cells, coating with the anti-CD63 mAb induced cell shape changes more easily recognized in cells located at the advancing wound edge (described below). These results indicate that the enhanced ability of E2 and C5 colon carcinoma cells to migrate appears to result from the interactions of LN-5 with both cell surface ␣3 integrin and the CD63 tetraspanin.
A Role for the CD63 Tetraspanin in Invasive Migration
To examine whether the anti-CD63 mAb could equally modulate E2/C5 cell invasive capacity, we performed a series of experiments using the twocompartment invasion chamber assay. When seeded on a Matrigel-conditioned polycarbonate filter, C5 cells constitutively invade up to 1.6-fold more than E2 cells in a 18-to 24-hour assay. Interestingly, the mAb to CD63 admixed together with Matrigel increased invasiveness up to 1.5-fold for both E2 and C5 cells (Fig. 4) . Moreover, the presence of the anti-CD63 antibodies in the medium of the upper compartment and not within the Matrigel-conditioned filter did not significantly alter the extent of invasive migration.
Anti-CD63 Antibodies Induce E2/C5 Cell Protrusive Activity
Using fixed and permeabilized E2/C5 cells, cultured in plannar conditions on plastic substrate, we examined the distribution of CD63 tetraspanin and ␣3 integrin chain by dual immunostaining and confocal scanning microscopy. We found that both were uniquely concentrated at elongation tips of E2 cells (Fig. 5C , merge, arrows) whereas ␣3 integrin signal alone produced a characteristic overall cell surface association (Fig. 5B ) and CD63 tetraspanin a major cytoplasmic vesicular localization as well as focal membrane reactivity (Fig. 5A ). In contrast, in C5 cells that grow as single or clustered rounded cells loosely attached to the substrate, colocalization was more evenly distributed on the cell surface (Fig.  5F , merge, arrow) and there was no distinct focal concentration of CD63 (Fig. 5D ) and ␣3 integrin chain (Fig. 5E ). We then examined the effect of substrate-immobilized AHN16.1 or TS63 anti-CD63 mAbs on the morphology of E2/C5 cells plated in plannar conditions. Anti-CD63 coating induced the formation of long and numerous cytoplasmic protrusions during the first 24 hours and starting around 2 to 4 hours after plating (Fig. 6A, arrow) . 
Figure 2.
A, Adhesion of E2 and C5 cells to BSA, FN, RTC, LN-1, and LN-5 substrates. Ninety-six-well plates were coated with BSA 1%, 50 g/ml FN, 50 g/ml RTC, 50 g/ml LN-1, or 1 g/ml LN-5 and blocked with 1% BSA. Cells were seeded at 5 ϫ 10 4 cells/well. A 45-minute adhesion assay was performed as described in "Materials and Methods." Results are expressed as percentage of cell adhesion Ϯ SD. B, Effects of anti-␣3-integrin and anti-CD63 antibodies on E2 and C5 cell adhesion to LN-5. Multiwell plates were coated with LN-5 at 1 g/ml. After saturation with 1% BSA, the cells, preincubated with 50 g/ml P1B5, 50 g/ml CD49c (both ␣3 integrin function-blocking antibodies), 50 g/ml M-KID2 (an ␣3 integrin non-function-blocking antibody), and 25 g/ml CD29 against ␤1 integrin chain or 25 g/ml AHN16.1 (anti-CD63), were seeded. After 45 minutes, adhesion was determined as in A. The results are expressed as a percentage of the control without antibodies. SD values indicated in the graph were determined from data derived from three experiments. Over 50% of E2 cells and over 20% of C5 cells showed cell surface extensions that often exceeded the cell body diameter and gave the cells a stellate morphology. Preliminary results using time-lapse microscopy indicate that anti-CD63-mediated cell protrusive activity in plannar culture conditions is a highly dynamic process during which protrusions undergo rapid and repeated cycles of extension and retraction (our unpublished results). No similar basal protrusive activity could be detected in the absence of anti-CD63 coating and no significant morphological changes were observed when E2 or C5 cells were plated on P1B5 or BM165 mAb-coated surfaces. Moreover, coincubation of cells with the anti-LN-5 ␣3 subunit antibody (BM165) (6B) or with the anti-␣3 integrin chain (P1B5) (Fig. 6C) did not significantly alter the extent of the anti-CD63 antibody-induced cell protrusions. Similar changes in breast carcinoma cells were reported to involve various classes of signaling enzymes, and a specific inhibitor of phosphoinositide 3-kinase (PI3K), LY294002, could inhibit morphogenetic changes triggered by antitetraspanin antibodies (Sugiura and Berditchevski, 1999) . Indeed, LY294002 (10 M) repressed the protrusive response of E2/C5 colon carcinoma cells exposed to coated anti-CD63 antibodies ( Fig. 6D for E2 cells) .
CD63 Tetraspanin and ␣3 Integrin in Colon Cancer
Discussion
Our results using cDNA arrays, Northern blotting, and flow cytometry analyses show that expression of both CD63 and ␣3 integrin chain mRNAs and surface proteins is 2-fold higher in the low-E2 than in the high-metastatic C5 human colon carcinoma cells. In our study, differentially expressed genes represented 3.7% of the total genes in the array, in accordance with the 1 to 5% differentially expressed genes found in gastrointestinal tumors (Zhang et al, 1997) . No differential expression ratio was greater than four (average around 2-fold), and we attribute this result to the close genetic match of the cultured E2/C5 cells that are derived from the unique parental Lovo line. With regard to the use of the E2/C5 cell lines, a previous study reported that many of the differences in gene expression that distinguish normal from tumor cells in vivo may persist during in vitro growth maintenance (Zhang et al, 1997) . Indeed, in a large panel of human tumor-derived cell lines, including colon carcinoma, a consistent relationship has been found be- A, Quantitative analysis of the wound closure assay. Linear scrape wounds were made in subconfluent E2 cell monolayers, and cultures in the presence of 5% FBS were allowed to heal for 17 and 24 hours in the presence of antibodies that inhibit the function of ␣3 integrin (P1B5) or the ␣3 LN-5 subunit (BM165). Wounded cultures grown on anti-CD63 (AHN16.1)-coated surface healed readily after 24 hours in the absence of antibody, whereas P1B5 and BM165 mAbs inhibited markedly the enhancement of wound closure. The average extent of closure was quantitated by multiple measurements of the width of wound space for each case at 0, 17, and 24 hours. Five measurements in three separate trials were made. B, C, and D, Representative examples of wounds at 24 hours after initial scrape and where E2 cells were exposed to coated and medium-added anti-CD63 mAb (B) or in the presence of a function-blocking anti-␣3 integrin (C) or of an anti-LN-5 ␣3 subunit (D) antibody.
tween the patterns of gene expression in vitro and the tissue of origin (Ross et al, 2000) .
E2 and C5 clones were originally reported to induce colon carcinoma xenografts that differed in basement membrane organization, cellular differentiation grade, and metastatic ability, C5 cells being significantly more prone than E2 cells to induce spontaneous lung metastases in immune-deficient hosts (Remy et al, 1992) . We here identified the CD63 tetraspanin, not previously known to be implicated in colon cancer progression, and the ␣3 integrin chain as two components whose expression could modulate metastatic ability. Several members of the tetraspanin family, including CD63, can interact with the ␣3␤1 integrin (Berditchevski et al, 1995) , and complexes of tetraspanins with integrins can modulate the expression of malignant properties of tumor cells (reviewed in Hemler et al, 1996) . While CD63 was originally reported as strongly expressed at early stages of melanoma, then down-regulated at advanced stages (Hotta et al, 1988) , its ectopic expression in human melanoma cells repressed their metastatic potential in nude mice, indicating a suppressor role that could act to limit tumor invasion and progression (Radford et al, 1995) . Invasion chamber assay. E2 and C5 cells were allowed to migrate through an 8-m pore-size polycarbonate filter conditioned with Matrigel. Assays were performed for 24 hours with or without the anti-CD63 mAb (25 g/ml) admixed to Matrigel. Results expressed as means Ϯ SD. The present study shows that low-metastatic E2 cells are more adherent and substrate-anchored than C5 cells, as tested on fibronectin, collagen, and laminin-1 and -5. As expected, adhesion to LN-5 only could be inhibited by function-blocking antibodies against the ␣3 integrin receptor. Both E2 and C5 cells express similar amounts of LN-5, and ␣3␤1 integrin is known to associate with CD63 tetraspanin (Berditchevski et al, 1995) . Interestingly, precoated anti-CD63 antibodies enhanced cell adhesion and spreading when ␣3 integrin was engaged with LN-5 but not when the other ligands were used. This is in contrast with other studies in which antibodies to another tetraspanin, the CD151 that stably associates with ␣3␤1 integrin, could functionally inhibit neurite outgrowth but had minimal effect on ␣3 or ␣6 integrinmediated cell adhesion (Stipp and Hemler, 2000) .
The fact that CD151 associates positively whereas CD63 associates negatively with the ability of malignant cells to metastasize may be relevant to signaling through unique tetraspanin-integrin complexes (Hemler, 2001) . We noticed that precoating anti-CD63 antibodies is required for enhancing tumor cell migration in both the wound closure assay and the invasive migration assay. The latter experimental condition may be particularly relevant because enhanced invasion was not induced with soluble anti-CD63 antibodies added in the upper compartment of the chamber and not admixed within Matrigel R . We suggest that antibodyimmobilized CD63 may affect the physical strength of the integrin-tetraspanin complexes at and through the cell matrix contact sites to facilitate or activate signal transduction. Both anti-CD63 antibody-induced enhanced migration and invasion were repressed by anti-LN-5 or/and ␣3 integrin antibodies, supporting again a functional role of the CD63/␣3 complex depending on the engagement of CD63-associated ␣3 integrin in LN-5 ligand binding. As shown by flow cytometry, E2 cells express about 2-fold more surface CD63 and ␣3 integrin than C5 cells. Confocal microscopy showed that E2 and C5 cells differ in surface codistribution of CD63 and ␣3 integrin, a pattern compatible with a greater capacity for substrate anchorage of the low-metastatic E2 cells as compared with C5 cells. A more even surface codistribution of CD63/␣3 integrin complexes in C5 cells could correspond to higher cellsubstrate anchorage independence and migratory signaling. Tetraspanin-integrin associations have been found in focal complexes of lamellipodial and filopodial extensions of migrating cells but were reported to be excluded from classical focal adhesions (Berditchevski and Odintsova, 1999) .
It remains to be investigated whether, in E2/C5 cells, antibody-mediated ligation of CD63 affects tyrosine phosphorylation of focal adhesion kinase (FAK) to modulate integrin function (Berditchevski and Odintsova, 1999) . Cell protrusions are considered as sites where cell-substrate contacts for traction are formed. Ligation of CD63 with substrateimmobilized antibodies triggered a prominent protrusive cellular activity together with enhanced migration and invasion. Our results suggest that such CD63/␣3 integrin complexes could be involved in weak and temporary adhesion events critical for modulating tumor cell attachment to matrix ligands including Ln-5. Repression of cellular protrusive activity by the LY294002 inhibitor indicates a functional link between mAb-induced CD63 ligation and the PI3K/AKT signaling pathway (Sugiura and Berditchevski, 1999; Testa and Bellacosa, 2001) . PI3K is known to be involved in the dynamics of the actin cytoskeleton (Schmidt and Hall, 1998) , and a recent study reported that PI3K can have a stimulatory role in chemotactic migration of keratinocytes on LN-5 as driven by the ␣3␤1 integrin (Hintermann et al, 2001) . Furthermore, experiments carried out with breast carcinoma cells showed that PI3K-dependent signaling can also contribute to the induction of the matrix-degrading metalloproteinase MMP-2 triggered by ␣3␤1-tetraspanin complexes (Sugiura and Berditchevski, 1999) . Recent findings indicate that the PI3K/AKT pathway can play a critical role in anchorage-independent tumor cell survival and metastasis (Nakanishi et al, 2002) . How CD63/␣3␤1 complexes transduce signals upon ligation of ␣3␤1 to LN-5 to affect matrix proteolysis, cytoskeletal organization, and migration remains to be determined. LN-5 is consistently identified at invasive edges of both healing wounds and tumors, including colorectal cancer, where cells actively migrate (Sordat et al, 1998) . The experimental evidence presented in this article strongly suggests that the CD63/␣3␤1 association is involved in the complex process of tumor cell adhesion and invasive migration driven by integrin-LN-5 interaction.
Materials and Methods
Cells, RNA Preparation, Antibodies, and Reagents Used in the Study E2 and C5 clones originally derived from the Lovo line were obtained from Dr. L. Remy (INSERM, U45, Lyon) and grown in Dulbecco's modified Eagle's medium (DMEM) medium (GibcoBRL, Rockville, Maryland) supplemented with 10% heat-inactivated fetal bovine serum (FBS) (GibcoBRL). Cells were scraped on ice and cytoplasmic RNA extraction was performed following standard procedures. PolyAϩ mRNA was extracted from total RNA using Dynabeads (Dynal, Oslo, Norway). Antibodies used in this study were P1B5 and CD49c (clone C3), which block the function of ␣3 integrin (Life Technologies, Gaithersburg, Maryland, and Immunotech, Westbrook, Maine) and nonblocking antibody M-KID2 (Chemicon, Temecula, California); the human antibody CD29 (clone Lia 1/2) against ␤1 integrin (Immunotech); the antibodies AHN16.1 (clone 46-4-6) (Alexis, Bayport, Minnesota) and TS63 (Dr. E. Rubinstein, Paris, France), which recognize CD63 tetraspanin. Antibody BM165 against human LN-5 was a kind gift from Dr. P. Rousselle (IBCP, Lyon, France). The mouse IgG1 (MOPC-21) used as a mAb negative control was from Sigma (St. Louis, Missouri). LY 294002 was from Calbiochem-Novobiochem Corp. (La Jolla, California).
Expression Profiling by Quantitative Hybridization on Macroarrays
cDNA macro arrays containing a total of 2208 cDNA clones from a normalized infant brain library spotted onto nylon membranes were prepared as previously described . Complex cDNA probes were synthesized as previously described by reverse transcription of 500 ng poly(A) ϩ mRNA, and hybridization steps were performed on duplicate filters and repeated with novel probes ensuring that, for each clone/probe combination, four hybridization data points could be collected. Hybridization signals were captured and analyzed as described . In order to compare gene expression in E2 versus C5 or C5 versus E2 mRNAs, a ratio was performed between the hybridization intensity values obtained in both conditions, and a ratio of 1.5 was taken into account to consider that a gene presents a differential expression.
Northern Blot Analysis
Total RNA was separated on denaturing agarose gels, transferred to Hybond-Nϩ membranes (Amersham Pharmacia Biotech) and hybridized to [alpha 33 P]dATPlabeled probes derived from each cDNA clone by amplification by PCR. Filters were stripped, allowing hybridization with 18S rRNA probe. Scan analyses were performed with AIDA2.0 software (Raytest, Straubenhardt, Germany).
Flow Cytometry
E2 and C5 cells were detached using a nonenzymatic cell-dissociation solution (Sigma) and incubated with the anti-␣3 integrin (P1B5), anti-CD63 tetraspanin (AHN16.1), or control antibodies for 30 minutes on ice, washed once with PBS, and incubated with FITCconjugated goat anti-mouse (Caltag, South San Francisco, California) immunoglobulin for 30 minutes on ice. Following two washes, cells were analyzed with a FACScan (Becton Dickinson, Mountain View, California).
Immunostaining
Dual immunostaining was performed using a three-step procedure. First, the mAb P1B5 (5 g/ml) was applied to ethanol-ether-fixed-permeabilized PBS/BSA rehydrated cells that were then treated, following three washes, with a Cy3-conjugated goat anti-mouse IgG (5 g/ml; Jackson Immunoresearch Laboratories, West Grove, Pennsylvania). Finally, cells were exposed to the FITC-labeled AHN16.1 mAb (10 g/ml; Ancell Corporation, Bayport, Minnesota) and subsequently washed, mounted in Citifluor (Citifluor, Canterbury, United Kingdom), and analyzed using a Zeiss LS 510 confocal microscope. Crosstalk between the different channels was excluded by using a sequential scan inactivating the specific laser line (Zeiss multitracking mode).
Cell Adhesion Assay
Ninety-six-well tissue culture plates (Nunc, Naperville, Illinois) were coated overnight at 4°C with fibronectin (FN) (Roche Diagnostics), rat collagen type 1 (RTC), laminin-1 (LN-1) (LN-1, EHS-laminin both from Sigma), and human LN-5 (kindly provided by P. Rousselle, IBCP, Lyon). Cell adhesion assays were performed in triplicate as described previously. Briefly, either cells were incubated 1 hour with the respective antibody or not, washed with DMEM, and then incubated 30 minutes in DMEM containing 5 M calcein-AM (Molecular Probes, Eugene, Oregon). Labeled cells were then washed twice with DMEM containing 1% FBS. Then 5 ϫ 10 4 E2 and C5 cells were seeded and plates centrifuged 2 minutes at 100 rpm and incubated 45 minutes at 37°C. Total cell fluorescence was measured, then wells were washed twice with DMEM 1% FBS and results expressed as the percent of total fluorescent cells that had adhered.
Cell Invasion and Wound Closure Assays
Subconfluent cultures of E2 and C5 cells were detached and passed through a 25-G needle. Polycarbonate membranes (8.0-m pore size) were precoated with 100 g/ml Matrigel (Becton-Dickinson) and inserted in a 12-well Boyden-type migration chamber (Neuroprobe). Ten percent FBS DMEM was used as a chemoattractant in the lower compartment. The chemoinvasion assay was performed in the presence of antibodies added either to the upper compartment or admixed to the Matrigel filter coat. Results are expressed as the percent of total cells that had penetrated and migrated through the Matrigel. Wound closure assays were performed in four-chamber Lab-Tek II glass slides (Nunc) with/without anti-CD63 AHN16.1 antibody coating. E2 or C5 cells (5.10 4 /400-l chamber) were seeded and cultured until subconfluent. Then cell layers were wounded with a plastic tip (10-l size) and washed three times with 10% FBS DMEM. Antibodies or their combinations were added and cells were incubated for 17 and 24 hours at 37°C. Photographs of identical locations within each wound were taken at 0, 17, and 24 hours. Cell migration was determined by multiple measurements of the distance between the edges of individual wounds as compared with the 0 time point.
